SUMMARY The endoscopic healing rates and factors related to healing of two cimetidine regimens designed to reduce respectively postprandial and nocturnal acid secretions were studied in a randomised trial of cimetidine 200 mg tds with meals, vs 600 mg at bedtime, vs 200 mg tds with meals plus 400 mg at bedtime in 246 patients with duodenal ulcer. The respective healing rates were 62*3%, 6341%, 77*5% at four weeks and 86-6%, 83.3%, 91 2% at eight weeks. The healing rates at four weeks of both meal time and bedtime regimens were inferior (p<005) to that of the standard regimen. Analysis of 45 prospectively obtained factors showed that (i) habitual cigarette smoking adversely affected healing with the meal time regimen but not with the others, indicating that its adverse effect disappeared once nocturnal acid secretion was reduced, (ii) habitual use of analgesics impaired and their abstinence favoured healing by both meal time and bedtime regimens but these effects were lost with the standard regimen, suggesting that if analgesics cannot be withdrawn during ulcer treatment, a reduction of both meal time and night time acid secretions should be ensured, (iii) responders with the meal time and bedtime regimens had respectively significantly higher postprandial serum gastrin and higher basal acid output than the corresponding non-responders suggesting that these responders had different pathophysiology, and (iv) high maximal acid output and large ulcers healed less well by any regimen.
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Successful healing of duodenal ulcer can be achieved by giving antacid one and three hours after meals and at bedtime,' 2 a regimen aiming mainly at the reduction of meal stimulated acid secretion. Successful healing can also be obtained by the use of a single bedtime dose of H2-receptor antagonists to control the nocturnal acid secretion.3 4 A bedtime dose of H2-receptor antagonists also prevents recurrence of duodenal ulcer.5 These meal time and bedtime regimens underscore the importance of meal stimulated as well as nocturnal acid secretions in the pathophysiology of duodenal ulcer.
This study compares the efficacy of a meal time and a bedtime regimen of cimetidine, with reference to a standard regimen of 1 g daily, in the healing of duodenal ulcer, and examines the relative importance of 45 prospectively obtained factors in their were interviewed in detail and the clinical and ulcer symptoms at age 30 years below, and late onset personal characteristics as listed in Table 1 were as those having the age of onset after 30 years, as carefully recorded. Further explanation is necessary based on previous studies.6 Pain severity, which was regarding the following points. Early onset patients also assessed at subsequent visits, was scored as were defined as those having the age of onset of follows: nil = 0, mild = 1, off work or work 3 . Familial dyspepsia was considered present when patient indicated that ulcer dyspepsia, gastrointestinal bleeding, perforation, and/or gastric surgery had occurred in a first degree relative; this was scored as nil = 0, one first degree relative = 1, two = 2, three or more or both parents = 3. Stress at work was scored subjectively by patient as 0 to 3 and included work pressure and/or labour intensity of the job. Neurosis was scored according to the number of neurotic traits present with a maximum of 3 (insomnia, tension headache, palpitation, hand tremors, non-postural dizzy spells). Habitual cigarette smoking was scored as nil = 0, <10/day = 1, and >10/day = 2. The majority of smokers had smoked continuously for >10 years, and all smokers had this habit for at least five years. Habitual alcohol consumption for at least five years was scored as nil = 0, estimated alcohol <50 g/day = 1, >50 g/day = 2. Habitual analgesic consumption for at least one year was scored as nil = 0, 1 dose/month = 1, at least 1 dose/week = 2; analgesics included aspirin, non-steroidal anti-inflammatory agents, and the many forms of patent Chinese herbal medicine, the nature of which was mostly undefined. The patients were not told to stop their smoking, alcoholic, or analgesic habits, but were told that these might be harmful to ulcer healing. At subsequent visits, these habits were assessed by direct questioning and the consumption per day was recorded. The consumption during treatment was scored at the end of the trial as nil to begin with = 0, withdrawn completely = 1, reduced by >50% = 2, and unchanged = 3.
In addition, before and at each subsequent visit, the following non-ulcer symptoms were recorded: loose motions, constipation, skin rash, dizziness, headache, palpitation, blurring of vision, dryness of mouth, gynaecomastia, or galactorrhoea, impotence, and libido (amount of sexual intercourse over the past week). Each patient was also asked to record on a tabulated diary card the occurrence of pain, its severity and the number of antacid tablets consumed.
PHYSIOLOGICAL CHARACTERISTICS
The methodologies were described in detail previously.7 Before the start of treatment, fasting and two hour serum gstrin measurements after a standard meal were made on one morning, and basal acid output (BAO), maximal acid output (MAO), and dose of pentagastrin required for half MAO The diameters and depth of the ulcer were estimated using the tips of the biopsy forceps. Patients were excluded from the study if the longest diameters of their ulcers were less than 3 mm or greater than 25 mm. The endoscopic characteristics as listed in Table 1 were recorded. Ulcer site was described as anterior, posterior, floor, roof and apex (near the exit) of the duodenal bulb. The degree of surrounding inflammation was scored as gross hyperaemia, granularity, and/or oedema = 3, moderate = 2, mild = 1, absent = 0. The degree of deformity of the duodenal bulb was scored: actual narrowing of entrance or exit of the duodenal bulb by scar but still admitting the (GIF-P) endoscope (external diameter = 9 mm) = 3, bilateral deformity = 2, unilateral deformity of bulb = 1, absent = 0. The findings at subsequent endoscopies were compared with those observed at the initial endoscopy, and the patient was classified immediately as healed (complete disappearance of ulcer with or without residual inflammation usually in the form of hyperaemia and granularity), or unhealed (persistence of ulcer, however small). 3.8) as well as in the last four weeks (meal time: 0-2 to 0-6; bedtime: 0*2 to 0 7; 1 g daily 0-2 to 0.7). Pain score was not significantly different among the three groups at week 4 (mean score of 0-4 for each group) and at week 8 (mean score of 0-02 for meal time regimen, 0-05 for bedtime regimen and 0-03 for standard regimen). Similar proportion of patients became pain-free among the three groups at week 4 (82-5%, 75 0%, 80*0% respectively) and at week 8 (100%, 97 5%, 97*5% respectively). Table 2 ).
FACTORS AFFECTING HEALING
Each of the 45 factors listed in Table 1 was analysed. Those which significantly (p<0.05) separated healing from non-healing were listed in Table 2 . Patients who healed with the bedtime regimen, but not those who healed with the meal time regimen, had significantly longer symptom period before treatment was started. With meal time but not with bedtime cimetidine, cigarette smoking, heavy smoking, and failure to abstain from smoking during treatment were significantly more associated with non-healing. With both meal time and bedtime regimens, habitual use of analgesics were unfavourable to healing, whereas abstinence during treatment was favourable. The use of analgesics and their abstinence, however, had no effect on healing with the standard regimen. With meal time cimetidine, basal acid output was significantly higher but meal stimulated serum gastrin was significantly lower in patients with unhealed than with healed ulcer, whereas with bedtime cimetidine, the reverse was true. With both regimens, maximal acid output was higher and ulcer diameter bigger in patients with unhealed than in those with healed ulcers.
SIDE EFFECTS
No undue symptoms, or abnormal haematological or biochemical results were noted before, during and at the end of the study.
Discussion
The healing rates of meal time (200 mg tds) and bedtime (600 mg) cimetidine are practically identical, and are approximately 62% and 85% at weeks four and eight respectively. These healing rates compare favourably with the 77% and 91% respectively of the standard cimetidine regimen of 1 g daily taken in divided doses at meal time and bedtime. The differences from the standard regimen at four weeks, however, just reach statistical significance because of the large number of patients involved. While the healing rates of the meal time and bedtime regimens may not be ideal enough to be recommended for general use, they are substantial enough to support the importance of reducing the meal stimulated and nocturnal acid secretions in the healing of duodenal ulcer. It is to be noted that we have shown previously that cimetidine 500 mg daily in divided doses have identical healing rates as 1 g daily in divided doses in Chinese patients with duodenal ulcer, and that cimetidine 100 mg and 200 mg (IVI bolus) have identical effects on pentagastrin dose-response curves.7 Cimetidine 600 mg as used in the present study therefore represents a large dose for the Chinese patients with duodenal ulcer. Our findings also suggest that reducing postprandial and nocturnal acid secretion are equally important in the healing of duodenal ulcer, and that the ideal regimen for ulcer healing should be able to achieve both. Much evidence has accumulated to indicate that acid hypersecretion in duodenal ulcer is heterogenous in origin. As recently reviewed," increased basal acid output, excessive cephalic acid response, abnormally large maximal acid secretory capacity, hypersensitivity to gastrin, postprandial hypergastrinaemia, and abnormal autoregulation of gastrin release are well described physiological abnormalities that could lead to acid hypertension, alone or in combination, in response to a meal or during the night. Individually, each of these physiological abnormality occurs in approximately 30% (range being 10% to 50%) of duodenal ulcer patients. However, an abnormally high meal stimulated acid secretion and nocturnal acid secretion can be demonstrated in over 60% of patients in the literature, although reports of these two measurements of acid secretion are scanty." These suggest that abnormally high meal stimulated and nocturnal acid secretions are common abnormalities in duodenal ulcer and explain why therapeutic reduction of these secretions would result in high healing rates.
When the two regimens and the standard I g daily regimen were analysed for factors that affected healing, cigarette smoking was found to adversely affect healing with the meal time regimen but not with the bedtime or standard regimens. This suggests that the adverse effect of smoking on healing may be related to nocturnal acid secretion, so that once this is reduced, the adverse effect disappears. One possible explanation is that smoking facilitates nocturnal acid secretion. There is no evidence to support this, however, although smoking has been shown to increase basal acid output.'2 Another explanation is that smoking impairs the healing process which takes place during sleep, and that reduction of nocturnal acid secretion is permissive to the healing process. The effect of smoking on healing, and the relationship of healing and nocturnal acid secretion remain to be defined.
The habitual use of analgesics was also unfavourable to healing with the meal time regimen, but this was true also with the bedtime regimen. Furthermore, once analgesics were withdrawn a reverse of the harmful effects became obvious. These findings suggest that analgesics impair healing during the night and also during the day, but can also be explained if analgesics facilitate acid secretion, although there is no evidence to support such an action. Interestingly, with the standard regimen, the adverse effects of analgesics disappeared, and whether analgesics were withdrawn or not during treatment became unimportant. These findings firstly support that a healing process takes place at daytime, possibly after meals, and also at night time, possibly during sleep, and secondly indicate that reduction of meal time and nocturnal acid secretions plays an important permissive role in healing. These findings also suggest that if analgesics cannot be withdrawn during ulcer treatment, it is important to ensure a reduction of both daytime and night time acid secretions.
Responders to the meal time regimen had higher meal stimulated serum gastrin but lower basal acid output, whereas responders to the bedtime regimen had the reverse, indicating that these two groups of responders are pathophysiologically different. The reasons for these findings are not clear. One possible explanation is that patients with higher basal acid output may have higher nocturnal acid secretion13 and are better controlled with bedtime cimetidine, while those with higher meal-stimulated gastrin may have higher meal stimulated acid secretion14 and are better controlled with meal time cimetidine. Further studies on nocturnal and postprandial acid secretions in duodenal ulcers are warranted.
The findings that patients with higher maximal acid output and larger ulcer diameter responded less well to all three regimens agree with previous studies using 1 g daily cimetidine. 7 15 In summary, reducing postprandial or nocturnal acid secretions results in the healing of duodenal ulcer in 60% to 80% of patients in four to eight 
